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MODULE FOR PROCESSING A BIOLOGICAL
SAMPLE, BIOCHIP KI'T, AND USE OF THE
MODULE

PRIORITY STATEMENT

The present application hereby claims priority under 35
U.S.C. §119 on German patent application number DE 10

2006 002 258.0 filed Jan. 17, 2006, the entire contents of
which 1s hereby incorporated herein by reference.

FIELD

Embodiments of the present invention generally relate to a
module for processing a biological sample. For example, it
may relate to one for a test, 1n which a target substance in the
sample 1s to be detected or quantified, where one or more
processing steps can be carried out in the module. Embodi-
ments of the invention are also generally directed at a biochip
kit that contains one or more processing modules of this kind.

BACKGROUND

In numerous tests, particularly in diagnostic tests, certain
target substances in a biological sample, 1n particular 1n a
tissue sample or a body fluid, are to be detected. The target
substances are, for example, certain cells such as viral or
bacterial pathogens, or specific proteins or nucleic acids of a
cell type, tissue type or organism.

For routine climical practice, systems are desirable in which
all the processing and analysis steps are integrated on what 1s
called a cartridge. The word cartridge designates new kinds of
biochips with which microbiological tests in particular can be
carried out.

Cartridges generally include a microfluidic system of cavi-
ties and channels which are necessary, for example, for break-
down of the sample, for cleaning the target molecules, and
possibly for amplification and detection (on a microarray).
Biochips of this kind can be miniaturized to a check card
format and are also referred to by the expression “lab-on-a-
chip”. In the text below, the terms “biochip” and “cartridge™
are used alongside one another and each designate a “lab-on-
a-chip” of this kind.

It would be desirable to be able to use such a cartridge for
different sample materials. However, this 1s not yet possible at
present, since different procedures for sample breakdown are
needed for different sample matenals (for example blood,
sputum, biopsies, etc., 1n the case of samples from humans).
Depending on the aim of the test, different sample-processing
steps are also needed:

To be able to detect certain intracellular or membrane-
bound proteins or nucleic acids in blood or plasma, cell
breakup (lysis) 1s required 1n the first instance, in order to free
the desired target molecules and bring them 1nto solution. For
this purpose, only small amounts of blood are generally
needed, for example 1f the aim 1s to detect human genes or
ubiquitous proteins. By contrast, a more complicated type of
sample-processing 1s necessary 1f the sample material 1s more
compact, ¢.g. 1n the case of tissue samples from biopsies, 1f
the cells are robust to chemical agents (e.g. Mycobacterium
tuberculosis) of if they are present only 1n low concentration
in the sample (e.g. HIV viruses or Staphyvilococcus aureus
pathogens 1n urine). In samples of this kind, 1t 1s necessary to
employ more aggressive chemical lysis reagents, higher tem-
peratures, Ireeze/thaw cycles and, 1n some cases, mechanical
methods 1n order to efficiently break up the cells and bring the
target molecules 1nto solution. For detection of low concen-

10

15

20

25

30

35

40

45

50

55

60

65

2

trations of viral and bacterial pathogens, large quantities of
body fluid (>1 ml) have to be processed 1n order to obtain

suificient material for the subsequent analysis steps. In some
cases, the concentration of the pathogens 1n the tissue sample
would have to be increased. For this purpose, ultracentrifu-
gation 1s used for example, or binding to matrices or resins
(chromatographic methods).

Complicated sample-processing steps of this kind can
presently only be carried out manually or semi-manually,
although this 1s undesirable in routine clinical practice, on
grounds of cost, and for reasons of reproducibility and risk of
infection. Alternatively, different cartridges would have to be
developed for different sample materials, or an extremely
complex and large “universal cartridge” integrating all pos-
sible methods would have to be made available.

To avoid the problem of increasing the concentration of
viral and bacterial pathogens, 1t would also be possible to
process larger quantities ol sample material, but this would
again have the consequence of the size of the cartridge
increasing and of the assay no longer being able to be carried
out at check card size (for example, as 1 the EDD system
from directid).

A particular problem arises when the same test has to be
applied as standard to different sample materials. For
example, a human genetic test can be carried out both with
blood samples and with smear material. However, this
requires a different iput of the sample and a different pro-
cessing of the sample. In the fully integrated systems known
today, diflerent cartridges would have to be produced for the
same test. This would mean disadvantages 1n terms of pro-
duction costs and of the work 1nvolved 1n the corresponding

approval procedures.

SUMMARY

In at least one embodiment of the invention, a system
permits sample-processing for different types of sample
materials for the above-described lab-on-a-chip systems.

According to at least one embodiment of the invention, a
module 1s used for processing a biological sample, the mod-
ule 1including a hollow space and an interface at which the
processing module can be connected to a cartridge with a
miniaturized laboratory, in which cartridge the analysis steps
necessary for the detection or quantitying of the target sub-
stance can be carried out.

According to at least one embodiment, this has the advan-
tage that, for different sample matenals, different processing,
modules can be used which, 11 appropriate, involve different
functions and reagents that are adapted to a certain tissue
type. All the processing modules can be connected to one and
the same cartridge type which 1s then used to analyze the
processed sample. In this way, one and the same cartridge can
be used for different types of sample material (smears, lavage
fluid, blood, etc.). A universal cartridge can also be used that
1s suitable for different applications.

The sample-processing includes, for example, the steps of
concentration, extraction and/or multiplication of cells, 1n
particular of viruses or bactenia, the steps of concentration,
extraction and/or amplification of molecules, homogeniza-
tion or liquetaction of the sample, cell lysis, or combinations
of these steps.

The processing module 1s particularly preferably a vessel
with, for example, a cylindrical hollow space. The latter pret-
erably includes a narrowing, 1n particular funnel-shaped end.,
at the tip of which there 1s an opening acting as interface to the
cartridge. In this way, after the sample has been processed, the
processing module can be applied with the downwardly
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extending tip onto the cartridge, such that the sample 1s trans-
terred nto the latter by gravity. Alternatively, the processed
sample can also be transferred by exchange of a fluid volume
between module and cartridge, e.g. by way of the plunger
described below.

According to an example embodiment, a displaceable
plunger 1s also arranged 1n the hollow space, such that liquid
samples 1in particular can be introduced by pulling the plunger
back, in the manner of a medical syringe. The sample can pass
into the processing module through the opening that is later to
be connected to the cartridge. The plunger can also later be
used, after the processing, to introduce the sample 1nto the
cartridge. In order to introduce samples in solid form, e.g.
biopsies, the processing module can be provided with a clo-

seable lid.

In an example embodiment, the extraction and/or the trans-
ter of the sample into the cartridge can take place with the aid
of spherules or “beads” which, on their surface, are provided
with binding partners (for example monoclonal antibodies or
oligonucleotides) of the target substance. The target sub-
stance can thus accumulate on the spherules and can be trans-
terred with these into the cartridge. A liquid exchange
between processing module and cartridge 1s not necessary in
this case. Moreover, a concentration of the target substance
takes place. The spherules can either be added to the sample
before i1ts introduction 1nto the processing module, or they can
already be present in the form of dry reagent or 1n solution or
suspension 1n the hollow space. In the case of large samples of
liquad, the target cells (for example bacteria) are bound by the
spherules after an incubation time and further concentrated 1n
subsequent steps.

The spherules are particularly preferably what are known
as magnetic beads. Such magnetic beads preferably have an at
least approximately spherical or elliptic shape and have a
diameter of ca. 30-350 nm, 1n particular 50-310 nm, and
particularly preferably ca. 110-220 nm. ",

They can be pro-
duced, for example, according to the method described by
Albrecht M. et al. in “Magnetic multilayers on nanospheres™,
nature materials, 2005, pages 1-4 (the entire contents of
which are hereby incorporated herein by reference), that 1s to
say can comprise a core of polystyrene and a magnetic or
magnetizable coating, 1n particular of CoPb.

In at least one embodiment of the present invention, the use
of magnetic beads has the advantage that the beads and the
bound target substance can be transferred from the processing
module to the cartridge by a magnetic field. In the subsequent
analysis steps, the target substance can be freed from the
magnetic beads, e.g. by denaturing, or can be analyzed
together with the magnetic beads.

As has already been mentioned above, the geometry of the
processing module and of the interface to the cartridge 1s also,
in this embodiment, preferably chosen such that the cross
section ol the hollow space narrows continuously 1n the direc-
tion of the cartridge. This funnel shape avoids magnetic beads
being moved by magnetic fields and/or by gravity into areas
of the hollow space from which they cannot pass 1nto the
cartridge.

The magnetic field for driving the magnetic beads 1s gen-
crated, for example, by a permanent magnet or electromag-
net, which 1s preferably arranged outside the processing mod-
ule and the cartridge.

The interface between module and cartridge can include,
for example, a fixed plug-type, bayonet-type or screw-type
connection or a flexible tube connection.

With the interface, a fluidic connection between module
and cartridge 1s preferably established which can be provided
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even before or during the processing phase and can also
remain in place during the later analysis phase.

The processing module 1s particularly preferably a dispos-
able article which, for example, can be made of suitable
plastic or of glass.

For protection against contamination, the interface of the
processing module 1s particularly preterably provided with a
membrane or a partition wall which closes the module off in
a leaktight manner as long as 1t 1s not connected to the car-
tridge. Similarly, the inlet opening of the cartridge can be
provided with a further tlexible membrane or partition wall.
According to a particularly preferred embodiment, a spike 1s
arranged on the 1inside of the membrane or partition wall in the
processing module or 1n the cartridge, which spike pierces the
membrane or partition wall upon attachment of the module to
the cartridge and, 1n doing so, establishes a fluidic connection
between module and cartridge.

The reagents required for the processing, for example lysis
builers, magnetic beads with nucleic acids and/or antibodies
arranged on their surface, nutrients or solution builers, are
preferably stored 1n the processing module ready for use in a
liquid or dry state, such that they mix automatically with the
sample after the latter has been introduced.

For solid tissue samples (biopsies), mucous cell suspen-
sions (smears) or viscous samples (sputum), additional
mechanical elements or chemical agents are preferably pro-
vided in the processing module and are used to homogenize or
liquetly the sample. Various techniques can be used to this
end.:

Preferably, an agitator 1s contained in the hollow space of
the processing module and can be driven, for example 1n the
manner of an electric motor, by externally applied magnetic
fields. The agitator can, for example, contain a permanent
magnet, or, alternatively, can be designed as the cage rotor of
a three-phase asynchronous motor.

For homogenization of the sample, the agitator can further
be equipped with blades which chop up a sample in the solid
state.

To carry out imncubations, the processing module can also
include a heating element or can be heated from the outside.

At least one embodiment of the invention i1s further
directed at a biochip kit which contains an above-described
processing module and a cartridge with a mimaturized labo-
ratory (“lab-on-a-chip”) in which the analysis steps needed
for the detection or quantitying of the target substance can be
carried out, and which has an interface for connection of the
processing module.

The biochip kit particularly preferably includes several
processing modules which, 1n terms of their dimensions and/
or 1n terms of other features, are each adapted to different
sample materials.

It1s also possible to provide several different cartridges that
are suitable for carrying out different detection tests or quan-
tifying tests. With this modular principle, a wide variety of
different tests can be carried out with different sample mate-
rials.

Alternatively, or in addition to this, the biochip kit can also
contain a universal cartridge which 1s suitable for many dii-
ferent applications (human genome, bacteriological, viral)
and, by virtue of the different processing modules, 1s suitable
for different sample materials.

Finally, at least one embodiment of the invention 1s
directed at the use of the above-described processing module
for processing of a biological sample for testing 1n a cartridge
with a minmiaturized laboratory (“lab-on-a-chip”), in which
cartridge the analysis steps necessary for the detection or
quantifying of a target substance can be carried out.
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BRIEF DESCRIPTION OF THE DRAWINGS

The 1nvention 1s now described 1n more detail on the basis
of illustrative example embodiments and with reference to the
attached drawings, 1n which:

FIG. 1 shows a schematic longitudinal section through a
processing module according to a first embodiment of the
invention;

FIG. 2 shows a schematic longitudinal section through a
processing module according to a second embodiment of the
imnvention;

FI1G. 3 shows the processing module from FI1G. 1 filled with
magnetic beads;

FIG. 4 shows the processing module from FIG. 1 con-
nected to a cartridge;

FIG. 5 shows a longitudinal section through an interface
between processing module and cartridge, before connection;

FIG. 6 shows a longitudinal section through an interface
between processing module and cartridge, after connection;

FI1G. 7 shows a perspective view of an agitator according to
a first embodiment;

FIG. 8 shows a perspective view of an agitator according to
a second embodiment:;

FIG. 9 shows a cross section through a processing module
and an associated sample-processing device.

DETAILED DESCRIPTION OF THE EXAMPLE
EMBODIMENTS

It will be understood that 11 an element or layer 1s referred
to as being “on”, “against”, “connected to”, or “coupled to”
another element or layer, then it can be directly on, against,
connected or coupled to the other element or layer, or inter-
vening elements or layers may be present. In contrast, 1f an
clement 1s referred to as being “directly on”, “directly con-
nected to”, or “directly coupled to” another element or layer,
then there are no 1ntervening elements or layers present. Like
numbers refer to like elements throughout. As used herein, the
term “and/or” includes any and all combinations of one or
more of the associated listed 1tems.

Spatially relative terms, such as “beneath”, “below”,
“lower”, “above”, “upper’”’, and the like, may be used herein
for ease of description to describe one element or feature’s
relationship to another element(s) or feature(s) as 1llustrated
in the figures. It will be understood that the spatially relative
terms are intended to encompass different orientations of the
device 1n use or operation in addition to the ornentation
depicted 1n the figures. For example, 1f the device in the
figures 1s turned over, elements described as “below” or
“beneath” other elements or features would then be oriented
“above” the other elements or features. Thus, term such as
“below” can encompass both an orientation of above and
below. The device may be otherwise oriented (rotated 90
degrees or at other orientations) and the spatially relative
descriptors used herein are interpreted accordingly.

Although the terms first, second, etc. may be used herein to
describe various elements, components, regions, layers and/
or sections, 1t should be understood that these elements, com-
ponents, regions, layers and/or sections should not be limited
by these terms. These terms are used only to distinguish one
clement, component, region, layer, or section from another
region, layer, or section. Thus, a first element, component,
region, layer, or section discussed below could be termed a
second element, component, region, layer, or section without
departing from the teachings of the present invention.

The terminology used herein 1s for the purpose of describ-

ing particular embodiments only and 1s not mtended to be
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6

limiting of the present invention. As used herein, the singular
forms ““a”, “an”, and “the” are intended to include the plural
forms as well, unless the context clearly indicates otherwise.
It will be further understood that the terms “includes™ and/or
“including”, when used 1n this specification, specily the pres-
ence of stated features, integers, steps, operations, elements,
and/or components, but do not preclude the presence or addi-
tion of one or more other features, integers, steps, operations,
clements, components, and/or groups thereof.

In describing example embodiments illustrated in the
drawings, specific terminology 1s employed for the sake of
clarity. However, the disclosure of this patent specification 1s
not intended to be limited to the specific terminology so
selected and 1t 1s to be understood that each specific element
includes all technical equivalents that operate 1n a similar
mannet.

Referencing the drawings, wherein like reference numerals
designate 1dentical or corresponding parts throughout the
several views, example embodiments of the present patent
application are hereafter described.

FIG. 1 shows a longitudinal section through a processing,
module 1 which includes an elongate hollow space 3. In the
example shown, the latter 1s substantially cylindrical, with a
longitudinal axis indicated by a dot-and-dash line. Alterna-
tively, 1t can also have a spherical, ellipsoid or cylindrical
shape with any area. In the lower part, the cross section of the
hollow space narrows continuously in the direction of the
opening 4. The transfer to the cartridge 1s made easier by this
funnel-shaped portion 2. Arranged at the tip of the funnel,
there 1s a tubular portion 5 which, together with the opening 4,
forms the 1nterface 14a to the cartridge. In order to introduce
samples, the processing module 1s provided with a closeable
lid 8.

In the alternative embodiment 1n FIG. 2, the sample 1s
drawn up and/or discharged via the opening 4 with the aid of
a plunger 6. The latter 1s displaceable 1n the manner of a
medical syringe along the direction of the arrow P.

FIG. 3 shows an embodiment in which magnetic beads 10
are present 1n the hollow space 3 of the processing module 1.
These magnetic beads 10 are used to bind the target sub-
stance, for example the target cells, if appropriate after an
incubation time, and to concentrate them. Moreover, the
transier of the sample 1nto the cartridge can be achieved by
application of a magnetic field.

In FIG. 4, the processing module from FIG. 1 1s shown
while 1n fluidic connection with a cartridge 16. Here, the
module 1s fitted with the interface 14a extending downward
onto a corresponding interface 145 of the cartridge 16, such
that the sample 12 can penetrate into the microfluidic system
of the cartridge 16. If appropriate, further processing steps
can take place inside the cartridge 16. The interface 14 can be
configured as a plug-type, bayonet-type or screw-type con-
nection.

A particular embodiment of the interface 14 1s shown 1n
FIGS. 5§ and 6. In this embodiment, the tubular portion 5
leading to the opening 4 of the processing module 1s closed
oll by a flexible membrane or partition wall 20. The latter can
be made of an elastomer matenal, for example. Viewed from
the outside, a spike 18 1s mounted behind the membrane or
partition wall 20, and 1ts tip 1s either embedded 1n the mem-
brane or partition wall 20, as 1n the example shown, or touches
the latter or 1s arranged at a slight distance from 1t. The spike
18 1s provided with a hollow bore which 1s connected to the
hollow space 3 of the processing module 1. This entire portion
1s designated as the interface 14a of the processing module.
The corresponding interface 145 of the cartridge likewise has
a tubular portion which 1s closed by a further flexible mem-
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brane or partition wall 22 that seals ofl the cartridge 1n a
leaktight manner in the unconnected state. When the inter-
faces 14a and 145b are pressed onto one another 1n the direc-
tion of the arrows, the spike 18 pierces both membranes or
partition walls and 1n doing so establishes a fluidic connection
between processing module 1 and cartridge 16, as 1s shown in
FIG. 6. The processed sample, e.g. molecules attached to
magnetic beads, can thus pass from the hollow space 3 into
the 1nlet opening of the cartridge.

After the processed sample has been transierred into the
cartridge, the connection can, if appropriate, be undone. In
doing so, the spike 18 of the processing module 1s withdrawn
from both membranes and partition walls 20, 22, which then
close again. In this case therefore, an undesired flow of liquids
from the processing module or cartridge 1s also ruled out. The
configuration of the spike 18 as a downward continuation of
the hollow space 3 particularly advantageously permits a
suitably funnel-shaped design of the latter, thereby ensuring
that magnetic beads do not become caught during the emer-
gence from the processing module.

To ensure that the sample and, 1f appropriate, reagents are
able to react optimally with one another 1n the hollow space 3,
the module can be shaken manually or by machine before the
analysis assay 1s performed in the cartridge. FIGS. 7 and 8
therefore show embodiments 1n which an agitator 24 1s
present 1n the hollow space of the processing module.

The agitator body 24 shown 1n FIG. 7 1s designed 1n the
manner of a cage rotor of a three-phase asynchronous motor.
For this purpose, 1t has several leads 26 which are oriented 1n
the longitudinal direction and are connected at the end faces
by an annular lead 27. These elements are preferably made of
conductive material, e.g. copper or aluminum. In a cage rotor
of this kind, an external, rotating magnetic field 1s used to
induce currents, which in turn result in further magnetic fields
and thus generate a torque 1n the cage rotor 24. Alternatively,
the rotor can also be completely or partially filled with con-
ductive metal, 1n which case too the torque 1s generated by
eddy currents to the conductive material. In both cases, the
agitator 24 1s preferably coated such that the leads do not
influence the chemical reactions taking place in the interior of
the processing module. In the example 1n FIG. 7, the leads 26
oriented in the longitudinal direction are at the same time used
to agitate the sample.

Alternatively, the agitator 24 can also be provided with one
or more permanent magnets, likewise set 1n rotation by exter-
nally applied rotating magnetic fields.

According to FIG. 8, the function of the agitator can be
extended by providing 1t with one or more blades 28. These
blades can chop up a sample 1n the solid state. In conjunction
with suitable pre-stored solution butlers, a homogenization of
the sample can be achieved 1n this way.

The rotating magnetic fields are preferably generated
externally. For this purpose, the processing module 1 and the
cartridge 16 can additionally be assigned a sample-process-
ing device 30 through which, for example, the reactions
inside the cartridge can also be controlled. For this purpose,
an electronic module can be provided, i1 appropriate with
attached monitor, keyboard, mouse and/or attached PC.

An illustrative embodiment of a sample-processing device
30 of this kind 1s shown 1n FIG. 9. The device has an insert bay
tor the processing module 1, the latter being mserted therein
betfore the assay 1s carried out. In the insert bay, the processing,
module 1 1s optionally enclosed by a heating element 32.
Heating of this kind can promote biochemical processes, for
example the breakup of cell membranes and conglomerates
(for example, liquetaction of sputum). The mncubation of lig-
uids (blood, urine, cerebrospinal fluid) for the purpose of
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enrichment or multiplication of pathogens that are present
only at a low concentration has proven particularly advanta-
geous. This pre-incubation 1 the processing module 1
replaces an external primary culture. After a defined mcuba-
tion time, the sample material can be further processed auto-
matically in the processing module 1 or 1n the cartridge 16. IT
a pre-defined pathogen concentration 1s needed 1n the culture
medium, the process can be monitored visually, e.g. by
nephelometry or turbidimetry.

The sample-processing device shown i FIG. 9 15 also
provided with electromagnets 34 for generating a rotating
magnetic field with which an agitator 24 or an associated rotor
in the processing module can be rotated.

At least one embodiment of the invention described has the
advantage that greater sample volumes can be processed than
would be previously possible on a cartridge. The cartridge can
be designed simply and thus in mimiaturized form, since no
additional chambers, fluid channels or plungers and valves
have to be accommodated thereon 1n order to permit complex
sample-processing.

In the processing module, the same media can be used as
are also employed for further processing in the cartridge, 1n
particular magnetic beads.

Example embodiments being thus described, it will be
obvious that the same may be varied in many ways. Such
variations are not to be regarded as a departure from the spirit
and scope of the present invention, and all such modifications
as would be obvious to one skilled 1n the art are intended to be
included within the scope of the following claims.

What 1s claimed 1s:

1. A module for processing a biological sample for a test in
which a target substance in the sample 1s at least one of
detected and quantified, the processing module comprising:

a hollow space, wherein the hollow space includes a nar-

rowing having an first opening at a tip of the narrowing;

a displaceable plunger arranged 1n the hollow space, the

displaceable plunger being configured to draw up the

biological sample;

at least one of a first membrane and a first partition wall that

seals of the first opening 1n a leaktight manner when a
cartridge with a mimaturized laboratory 1s not connected
to the processing module, and that allows a fluidic con-
nection between the cartridge and the processing mod-
ule when the cartridge 1s connected to the processing
module; and

a first interface at which the processing module 1s connect-

able to the cartridge with the minmaturized laboratory, the

cartridge including,

a plurality of channels configured to perform analysis
steps for the at least one of detection and quantifica-
tion of the target substance, and

a second 1nterface including a second opening sealed by
at least one of a second membrane and a second par-
tition wall,

wherein the cartridge with the mimaturized laboratory 1s

one selected from a biochip miniaturized to a check card

format and a lab-on-chip,

an 1nside of the at least one of the first membrane and the

first partition wall includes a spike adapted to pierce the

at least one of the second membrane and the second
partition wall upon connection of the processing module
to the cartridge, and

the first interface 1s connected to the hollow space.

2. The processing module as claimed in claim 1, wherein

65 the cartridge 1s configured to enable

at least one of concentration, extraction and multiplication
of cells,
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at least one of concentration, extraction and amplification

of molecules,

at least one of homogenization and liquefaction of the

sample,

cell lysis, and

combinations thereof.

3. The processing module as claimed 1n claim 1, wherein
the hollow space contains spherules which, on their surface,
are provided with binding partners of the target substance.

4. The processing module as claimed 1n claim 3, wherein
the spherules are magnetic beads which, by way of amagnetic
field, are transterable from the processing module through the
first interface into the cartridge.

5. The processing module as claimed 1n claim 3, wherein
the first interface 1s configured to transier the spherules, when
the processing module 1s connected to the cartridge, in order
to transier the processed sample from the processing module
to the cartridge.

6. The processing module as claimed 1n claim 1, wherein
the first interface 1s adapted to permit at least one of a plug-
type, screw-type, tube-type and bayonet-type connection to
the cartridge.

7. The processing module as claimed in claim 1, wherein
the spike 1s adapted to establish a connection between the
cartridge and the processing module.

8. The processing module as claimed 1n claim 1, wherein
reagents necessary for processing are stored in the processing,
module 1n a liqud or dry state.

9. The processing module as claimed 1n claim 1, wherein,
when connecting the processing module to the cartridge, a
fluidic connection 1s established for transferring the pro-
cessed sample from the processing module to the cartridge.

10. A method, comprising:

using the processing module as claimed i claim 1 for

processing the biological sample for the test in the car-
tridge with the mimaturized laboratory, wherein the
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analysis steps necessary for the at least one of detection
and quantifying of a target substance are carried out 1n
the cartridge.
11. The processing module as claimed 1n claim 1, wherein
the hollow space comprises a funnel-shaped end.
12. The processing module as claimed in claim 1, further
comprising a seal at the first opening of the narrowing,
wherein the tip of the narrowing 1s at least one of embedded

within or contacting the seal.
13. The processing module as claimed in claim 1, further

comprising an agitator in the hollow space.

14. The processing module as claimed 1n claim 13, wherein
the agitator 1s drivable by externally applied magnetic fields.

15. The processing module as claimed 1n claim 14, wherein
the agitator has cutting blades for homogenization of the
sample.

16. The processing module as claimed 1n claim 14, wherein
the agitator 1s additionally provided with cutting blades for

homogenization of the sample.

17. The processing module as claimed in claim 1, wherein
the narrowing of the hollow space includes a tubular portion
extending past and enclosing the tip and the first opening 1n
the tip 1s closed by the at least one of the first membrane and
the first partition extending between sidewalls of the tubular

portion.

18. The processing module as claimed 1n claim 17, wherein
the first interface of the cartridge includes a sidewall extend-
ing from a surface of the cartridge and the sidewall 1s config-
ured to imterface with the tubular portion to provide a physical
connection between the cartridge and the hollow space.

19. The processing module as claimed 1n claim 1, wherein
the processing module 1s configured to process a larger vol-
ume of the biological sample than the cartridge.

20. The processing module of claim 1, wherein the at least
one of the first membrane and the first partition wall 1s con-
figured to surround the tip of the narrowing, when the pro-
cessing module 1s connected to the cartridge.
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